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ABSTRACT sources from other behaviors among this group that may con- 
tribute to the risk. 
Objectives: A meta-analytic study was conducted to test the 
hypothesis that consumption of water from North American 
backcountry sources poses a statistically significant risk for 
acquisition of giardiasis. 
Key Words: backpacking, giardiasis, North America, outdoor 
recreation, water 
Methods: The biomedical literature was surveyed by access- 
ing Medline, and identified studies were supplemented with 
references in current reviews, published dissertations, and prior 
communications with state health departments. Studies were 
classified by methodologic design and subjected to predeter- 
mined inclusion criteria. Odds ratios with 95% confidence inter- 
vals, chi-squares, and P-values for epidemiologic surveys were 
either computed from raw data or abstracted directly from the 
included studies. 
Results: Of 104 articles identified in the initial screening, nine 
met the inclusion criteria. Neither of two case reports met the 
criteria of the Centers for Disease Control and Prevention (CDC) 
for waterborne disease outbreak. Two prospective studies were 
identified, but neither showed a significant association. Of four 
case-control studies providing data, three reported an odds 
ratio of greater than one. 
Conclusions: Published reports of confirmed giardiasis among 
outdoor recreationists clearly demonstrate a high incidence 
among this population. However, the evidence for an associ- 
ation between drinking backcountry water and acquiring 
giardiasis is minimal. Education efforts aimed at outdoor recrea- 
tionists should place more emphasis on handwashing than on 
water purification. Further studies should attempt to separate 
the specific risk factor of drinking water from backcountry 
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Giardiasis is an enteric infection with the binucleate 
trophozoite stage of the flagellate protozoan parasite 
Giardia lumblia. Commonly reported modes of trans- 
mission have included day care contact, food handling, 
and sexual activity.‘” In 1977, the first of many reports 
of outbreaks associated with community water was pub- 
lished.4 Subsequently, a variety of lay literature for back- 
packers and other outdoor enthusiasts have suggested 
that consumption of untreated wilderness waters was 
similarly an identifiable risk.5 Although this suggestion 
appears in some medical texts, a recent survey of state 
health departments was unable to confirm this mode of 
transmission as a serious problem in the United States.6,7 
Additionally, the consumption rates usually reported in 
municipal water outbreaks are not consistent with the 
typical patterns seen in wilderness camping, specifically, 
serial low-dose exposures to small quantities of water. 
There are practical reasons to determine if this 
widely proposed mode of transmission is a real risk. Cur- 
rently, education efforts aimed at outdoor recreationists 
have stressed the importance of water purification, while 
generally neglecting emphasis on basic personal hygiene. 
In the case of most other enteric pathogens, control 
efforts usually start with handwashing. The correlation 
between handwashing and reduced coliform presence 
on hands, an indicator of fecal contamination, is well 
established. 
The objective of this study was to test the hypothe- 
sis that consumption of water from North American back- 
country sources poses a signillcant risk for acquisition 
of giardiasis. By using meta-analytic techniques, relevant 
citations were identified, their quality assessed by pre- 
determined criteria, and odds ratios were either ab- 
stracted or computed from raw data. The author is 
unaware of any previous attempt to systematically survey 
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the literature addressing this risk factor, despite the fact 
that it is widely cited in the aforementioned literature. 
MATERIALS AND METHODS 
Allocation and Classification of Studies 
Medline was accessed to identify post-1965 citations, 
using the MeSH subject heading “giardia” and the key- 
words “water” and “microbiology.” Next, a manual search 
of references in current published original reports and 
reviews was performed. Finally, a search of abstracts 
indexed in “Dissertation Abstracts Online” was conducted. 
An additional article was cited by a state health depart- 
ment official in response to an earlier survey.’ 
All identified studies were then classified according 
to design, and predetermined inclusion criteria were 
applied for each type. Case reports were non-analytic, 
observational studies that had to fulfii the CDC criteria 
for a waterborne-disease outbreak.* These required epi- 
demiologic data about exposed and unexposed persons 
and laboratory isolation of the agent from suspect waters. 
Prospective cohort studies had to include a cohort of ini- 
tially unaffected individuals examined after a uniform 
exposure, with clinical features confirmed by laboratory 
diagnosis. Retrospective case-control studies needed to 
provide an odds ratio for various risk factors or, alter- 
nately, provide raw data from which an odds ratio could 
be computed. 
Studies were excluded in the initial screening if they 
were non-North American, were not written in English, 
or were isolation, treatment methods, or clinical review 
articles. The geographic exclusion was necessary because 
these findings are not generalizable to developing coun- 
tries, where giardiasis may be endemic, and municipal 
water sources nonexistent. The other types of articles 
provided technical details concerning water treatment 
or patient management, but provided no epidemiologic 
data on the hypothesis under study Studies that dealt 
with municipal water sources also were eliminated, as 
they did not address the risk to outdoor recreationists. To 
control investigator bias, the abstract of each citation was 
assessed by two independent reviewers using the same 
inclusion criteria code. 
Statistical Analysis 
For epidemiologic surveys, odds ratios and 95% confi- 
dence intervals (CI) were calculated from 2 X 2 contin- 
gency tables. P-values were calculated from the tables by 
the chi-squared test. 
RESULTS 
Of the 104 articles identified in the initial screen, nine met 
the preliminary inclusion criteria and were further ana- 
Table 1. Reasons for Rejection of Citations from Medline Search 
Category Studies (n = 104) 
Clinical review, no original data 19 
Dealt with municipal water supplies 22 
Methods or technical report 22 
Non-English, non-North American 32 
Total rejected from overview 95 
Total eligible for analysis 9 
lyzed. Reasons for excluding studies are summarized in 
Table 1. 
Case Reports 
Two case reports were identified; however, neither met 
the strict CDC criteria for waterborne-disease outbreak, 
and so they were eliminated on the basis of study qual- 
ity One study reported an outbreak of giardiasis among 
campers on a 2-week trip in Utah.9 Epidemiologic evi- 
dence and fecal coliform levels were said to implicate a 
mountain stream. However, no cysts were isolated from 
the water or from the feces of the local mammals that 
were examined. Food preparation was discounted as an 
explanation. The second case report implicated giardia- 
sis as endemic in the Northwest, but provided no data of 
any kind. lo 
Prospective Cohort Studies 
Two prospective studies were identified. In one of these, 
a questionnaire was used to determine that 15% of a 
group of Utah National Guardsmen had symptoms “sug- 
gestive of giardiasis,” while on a field exercise. * 1 This con- 
clusion relied exclusively on subjective reporting and no 
attempt was made to isolate pathogens from any respon- 
dent. A landmark prospective study attempted to corre- 
late the incidence of symptomatic giardiasis with the cyst 
concentration in water sources from a high-use area.12 
Two subjects who became cyst-positive were asympto- 
matic at evaluation, and none of the six individuals with 
gastrointestinal illness had G Zumbliu cysts in their stools. 
Retrospective Case-Control Studies 
Of five case-control studies, four provided adequate data 
for which an odds ratio could be computed (Table 2). 
Three had an odds ratio slightly greater than unity, 
whereas one had a confidence interval that included 
one. Since the specific question asked in each of the 
four studies was different, a pooled odds ratio could not 
be determined. 
Wright et al undertook a telephone survey of 256 
cases and matched controls in Colorado over a l-year 
period.” Responses indicated that 38% of cases versus 
18% of controls had camped overnight in backcountry 
areas. 
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Table 2. Summary of included Case-Control Studies 
Chi- 
Citation Year OR and 95% CI square P-Value 
Wright et aV3* 1977 2.67 (1.77-4.02) 22.9 <.OOl 
Hatter et alis+ 1987 0.786 (32-l .94) 0.267 >.I0 
Chute et aF 1987 1.83 (98-3.4) 3.7 >.05 
Isaac-Renton & Philion’@ 1992 2.20 (1 .l-4.4) 1.9 >.lO 
*Camping out overnight in Colorado; khildren aged 1-3 in families engaged in 
outdoor activities (camping) within the 2 months prior to the interview; *camping 
in northern New England; “and travel and recreational activities in rural British 
Columbia (swimming, camping) or drinking local water versus those who 
engaged in similar travel without outdoor recreation or local water. 
Harter et al randomly selected 1349 children from 
birth certificate records in two Washington state coun- 
ties.14 Of 518 respondents surveyed, 37 were found to 
carry Giurdia. There was no statistically significant dif- 
ference in prevalence between children from families 
who had been engaged in outdoor activities within 2 
months of the survey and those who had not. 
A mail survey of 171 giardiasis patients and matched 
controls in rural New England was reported by Chute et 
aLI By logistic regression, they identified a positive but 
unstable risk for camping, but did not address ingestion 
of untreated water specifically. 
Finally, Isaac-Renton and Philion investigated 2 186 
Giardia-positive patients in British Columbia.‘6 After 
interviewing 228 case respondents, the authors con- 
cluded that consumption of local water while partici- 
pating in outdoor activities, such as camping, was 
associated with a higher risk of giardiasis than in con- 
trols who participated in such activities but did not ingest 
local waters. 
DISCUSSION 
The association of enteric disease, such as giardiasis, with 
water consumption is well established.* However, this 
association has primarily been made for community water 
supplies serving populations that consume large quanti- 
ties of contaminated water over long periods of time. 
Additional studies have confirmed an association with 
daycare center attendance or employment, food handling, 
and sexual practices. 1-3 The major emphasis in outdoor 
education literature is on the risks entailed in water con- 
sumption, with minimal focus on basic hygiene practices 
considered standard in other industries. A prior survey of 
state health departments suggested that the actual risk 
from untreated backcountry water was practically nonex- 
istent. In the present report, nine studies addressing gia- 
rdiasis and backcountry water consumption were 
reviewed to determine if the professional literature sup- 
ported such a risk. 
No convincing case reports were identified. One of 
these is frequently cited, yet is suspect on several 
grounds.9 The attack rate of 63% observed in this report 
is significantly higher than the rate noted in typical munic- 
ipal outbreaks, and is more consistent with a single point- 
source exposure rather than a prolonged low-dose expo- 
sure to contaminated water. The temporal clustering of 
cases also supports such a model. Food preparation was 
discounted as an explanation, since that was, at the time, 
unprecedented. However, a fecal-oral dissemination from 
a food handler on the camping trip could conceivably 
result in these findings. 
No prospective studies have shown a significant asso- 
ciation either. One of the identified studies was based 
solely on a questionnaire, forming its conclusions on clin- 
ical symptoms alone. The other prospective study was 
well designed, and found no association. 
The hallmark epidemiologic investigation, the case- 
control survey, was the primary focus of this analysis. Of 
five acceptable epidemiologic surveys, only four provided 
actual data. These studies suggest a trivial or even insignif- 
icant risk encountered while camping. The study report- 
ing the highest risk attributable to camping provides an 
odds ratio that does not even approach the risk from hav- 
ing an infected family member in the home.” Impor- 
tantly, only one of these reports makes any attempt to 
distinguish water consumption from camping. This is cru- 
cial, since as stated, camping may entail other high-risk 
behaviors, such as communal food preparation and sub- 
optimal hygiene practices. 
None of these four acceptable studies could be com- 
bined to achieve an overall increased effect size, owing 
to incompatible methodologic designs. None of the epi- 
demiologic surveys was a randomized prospective cohort 
study, and assignments to post hoc control groups were 
made after cases had been identified. Although such stud- 
ies may provide interesting data, their nonrandomized 
nature and different case-matching methods prevented 
them from being subjected to true meta-analysis. What is 
presented here is a structured, systematic review of the 
literature addressing this risk factor. 
Confirmed cases of water-acquired giardiasis tend to 
have modest attack rates and depend on continual expo- 
sure to source water over a period of time. ‘Qpically, 
these situations occur in municipalities with cross-con- 
taminated water supplies, and often result in widespread 
outbreaks within the community. Such situations are in 
no way analogous to most camping situations, where indi- 
viduals take water in small quantities from many sources 
over a short time interval. One drawback of this study 
was the potential exclusion of studies assessing Giardia 
load in wilderness surface waters. Although such an analy- 
sis might provide relevant correlational evidence, water 
sampling techniques are methodologically cumbersome 
and, therefore, typically limited to industrial-scale munic- 
ipal settings. Furthermore, positive sampling data alone do 
not implicate water consumption, since a critical para- 
meter in establishing giardiasis infection and pathogene- 
sis is infectious dose. This would be virtually impossible 
to quantify in most backcountry situations. 
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Giardiasis is without question a significant gastroin- 
testinal illness, and it definitely should be considered in 
the differential diagnosis of steatorrhea in patients return- 
ing from backcountry travel. The availability of a simple 
enzyme-linked immunosorbent assay @ISA) and effective 
antiparasitic medication facilitates the diagnosis and treat- 
ment of this illness. However, as previously stated, there 
is minimal evidence that occasional ingestion of back- 
country waters poses a significant risk of giardiasis to 
the outdoor recreationist. 
Although campers and other backcountry enthusi- 
asts have a disproportionate incidence of giardiasis, as 
well as other common enteric infections, this may be 
attributable more to the relaxed hygiene practices on 
typical camping trips than to water consumption. An 
interesting extension of the current work would be a 
prospective investigation of reduced handwashing as a 
risk factor, controlling for water consumption. It seems 
ironic that leading outdoor education programs teach 
rigid practices for the disinfecting of backcountry water, 
yet emphasize personal hygiene and food handling pro- 
cedures that are either misinformed or inconsistent, if 
any such emphasis is made at all. This discrepancy makes 
little sense when several studies have shown that the risk 
from simply having a household contact is so high. Fur- 
ther studies should attempt to separate this specific risk 
factor from other behaviors that may contribute to the 
overall risk for acquisition. 
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